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Downers  Grove  is  a  suburban  conmunity  situated 
about  tvyenty  miles  vyeot  of  Chic:  go,  on  the  Chicago,  Bur- 
lington and  Quincy  Eoilroad.   During  the  last  decade 
it  has  grovra  from  a  cluster  of  frame  buildings  at  a 
country  crossroads  into  a  progressive  town  of  2500  in- 
habitants. This  transition  has  "oeen  accomplished  large- 
ly through  the  acquisition  of  modern  improverjents;  paved 
streets,  cement  walks,  storm  and  sanitary  sewers,  gas 
mains,  end  a  city  v/ater  system  having  been  installed  to 
meet  the  demands  of  progressive  citizens.   In  fact  Dow- 
ners Srove  annoys  all  of  the  municipal  conveniences  that 
are  usually  found  in  tov/nc  of  this  size,  with  the  ex- 
caption  of  a  satisfactory  electric  lighting  system. 

At  present  the  electric  lighting  plant  is  oper- 
ated, together  v;ith  the  pumping  station,  as  a  mxmicipal 
power  plant.    The  equipment  of  the  plant  includes  four 
50  H.?.  horizor:tal  hand  fired  boilers,  one  75  H.P.  direct 
acting,  duplex  pump,  and  one  100  h.p,  simple,  non-con- 
densing engine,  belt  connected  to  a  70  kw.  2200  volt, 
single  phase  generator.   The  pressure  is  stepped  down  to 
110  volts  for  house  lighting.   Series  tungsten  l&mps 
have  been  recently  installed  for  street  lighting,  dis- 
placing a  carbon  are  system, 

28470 


The  plant  v;f;s  erected  ovar  fifteen  years  ago 
and  was  desi^-ned  tc  raeet  the  conditions  existing  at  that 
tiBie.   A  small  air-cop:pressor  v;£S  used  for  the  city 
water  systeir,  hut  the  growth  of  the  town  necessitated  the 
installation  of  the  75  h.p.  pump.  Tae   electrical  equip- 
ment and  boilers  are,  however,  still  in  service  and  ac- 
cording to  the  engineer  in  charge,  the  boilers,  engine, 
and  generator  are  completely  worn  out.   The  single  unit 
is  operated  continuously  from  4  P.Ii.  to  8  A.LI, ,  and  when 
a  shutdown  occu.rs  the  tovm  is  plunged  in  darkness  until 
repairs  can  be  r.ade.    This  has  occured  so  frequently 
during  the  past  year,  that  the  service  is  now  considered 
absolutely  unreliable.   Tlie  street  lighting  is  deficient; 
40  watt  Ismps  being  used,  placed  about  500  feet  apart. 
This  deficiency  is  generally  recognized,  but  more  illurr.i- 
nation  is  impossible  because  the  plant  is  now  operating 
at  its  full  capacity.   The  supplying  of  power  to  small 
m.anufacturing  concerns  is  out  of  the  question  v:ith  the 
present  equipmant,  altho  several  firms  have  petitioned 
the  village  to  enlarge  the  plant,  in  order  that  they 
might  buy  centr&l  station  pov/er.    In  a  few  instances, 
companies  have  removed  to  other  locations  where  this 
privilege  is  available. 
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It  is  at  once  olDYious  faat  this  electric  lighting 
system  is  inadequate  &nd   \v-.o\il3   to  meet  its  deinands. 
To  correct  this  condition,  two  alternatives  present  them- 
selves.  Tl-e  station  rcay   be  enlarged  and  continue  to 
operate  as  a  Kianicipsi  institution,  or  a  franchise  may 
be  granted  to  some  public  service  company  that  v/ill 
maintain  a  substation  in  the  tov.'ii. 

Applications  for  a  franchise  have  been  roceived 
"oj   the  village  from  several  corporations,  the  most  fav- 
orable coming  from  the  ITorth  Shore  31ectric  Co.,  This 
company  offers  to  buy  the  present  electrical  equipment 
for  $15, COO. CO,  and  to  sell  porar  et  IC  cents  per  k?;. 
hour.   Inasmuch  as  the  present  rate  is  15  cents  per  i  v;. 
hour,  and  the  §15,000.00  bonus  could  be  used  in  building 
a  city  hall,  vrhich  is  much  needed,  this  offer  received 
considerable  attention. 

The  village  board  of  aldermen  looked  upon  the 
proposition  with  favor,  sltho  opponents  oftho  scheme 
pointed  out  conclusively  that  the  electi'ic  lightirig 
plant,  even  in  its  \7orn  out  condition,  had  been  in  a 
source  of  revenue  to  the  village.   The  final  deQ'ision 
however,  in  a   matter  of  this  kind  rests  v/ith  the  voters 
and  accordingly,  in  October  1911  the  question  was  sub- 


mitted  to  thsm  at  a  special  election.   By  a  large 
majority  tTiey  decided  against  the  /^renting;  of  a  fran- 
chise and  hy  this  action  prscticelly  re  con;.-,  ended  the 
only  other  course  of  procedure,  viz.,  the  rehabilitation 
of  the  plant.   To  desi,':^n  a  ne'w  lighting  pl&nt  for  this 
tovra  and  th^n  to  determine  the  rationality  of  this  de- 
cision, are  the  purposes  of  this  thesis, 

[The  design  of  the  proposed  street  lighting 
system  takes  into  account  future  demands,  'bj   providing 
lamps  where  they  Trill  ha  needed  as  the  tov;n  expands. 
2C0  watt  series  tungstens  V'ill  he  arranged  in  groups 
of  twenty  lamps  each.    In  the  rsisidence  sections  of 
the  tov.-n,  they  v;ill  be  placed  at  appropriate  places 
about  250  feet  apart,  and  here  the  faadors  rill  be 
carried  overhead  on  v;ooden  poles.   Four  ornamental 
iron  posts  ril]  be  placed  at  each  of  the  principle 
business  corners,  each  post  carrying  a  SCO  watt  -tung- 
sten lamp.    These  lamps  v.-ill  be  fed  thru  underground 
concuit.   The  povrer  required  by  the  street  lamps  will  be 

be  160  X  200  —  32  kw.   Allowing  10^^  for  line  drop,  the 
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street  lighting  load  becom.es  35  Ir?;. 

^he  miaximum  power  required  for  house  lighting 

at  present  is  60  I:?. .  ulfh.   more  reliable  service  and  a 


lo'-.-^r  rate   it    is   rsc  corialile  to   asGuine  that   this  vrill   ':>q 
increased  to    8C  l:v/. 

The   firms  that  ms^j  l^e   expeetecl  to  hu;/  power 
and   the   avera£:e   load  to   he   supplied  are    as  follows: 
Kelmscott  Press.  25  H.P, 

Potter  llfg.    Co.,'  20  H.P. 

IDicke   Tool  Co:  50  H.i  . 

Illinois  Heater   '"-'o.,  20  1.2. 

Hawkins  Piunp  Co.,  SO  H.P. 

145  "I.?.  =  110  \v. 
As  Downers  1-rova   is   essentially  a   residence   to\T:a  and 
oecauso   all   of  these   r.anafacturing   estahlishirents  have 
he  en  located    t'-^ore   for   several   years  pi^st,    it    is   safe 
to   assune    that  there  v.-ill  he     no   future   developiaont   in 
this   line  and  that    the  present   demcnd  for   industrial 
power  will  not  'jB   increased. 

The    calculated   load   curve   is  tased  upon  the 
foregoing  assir-rjptions  with  res^-ard  to    street  l3;Thtinj, 
house  lisliting,    anu    industrial  por/er.        The  tahle    shows 
the    energy  required  per  day  for   each,  branch  of  the    ser- 
vice. 

Industrial   pover  IICO  hv/.   hours. 

House   lighting  525      "  " 

Street  Lighting  525      "  " 

2040      "  " 


Pesk  load  =170  kw. 

In  ordar  to   insure   continuity  of  Berries   in 
a  plant   of  this   kind,    tlire^   generating  units  raust  "be 
eracloyed,    any  tv;o   of  vvliich  vdll   carry  the   T)eak  load. 
With  this  idea   in  view     and   from  a    study  of  the   load 
curve,    it  was  decided  to   install  three   IIC  h.p.    four 
valve   siniple   non-condensing     Harrisburg  engines.     .3a ch 
of  these    is   to   he  belt    connected  to      a  75  k?7.    2£00  volt 
three  phase   uestinghouse  generator.     Sach  generator  will 
09  belted  dirQctl3""  'to      its  ovm  e^rciter. 

Altho   the  pump   r:ill  usually  be   operated   during 
the  periods   of  non-peak  electrical  load,   the   boilers 
rcust.be    able   to    supply  both  the  punp  load  and  the  peak 
electrical  load,    at   the   same   tirce.        The   Hsi-risbarg 
engine  of  this  t-?~pe   is  guaranteed  to   run  at  full   load 
on  26  pounds   of  stean  per   indicated  horse   po"."er  ■'.vith 
initial   steai;.  pressure   at  100  pounds  per  square   inch. 
The   purap  requires  150  pounds   of   stean     per  indicated 
horse   pov;er   under   the   same   conditions.      Although  the 
pump   is     rated  at   75  h.p,    its  nonvial   output   is   S5  h.p. 
end  in  no   case  would   an  output   of  50  h.p,    be    exce'ided. 

The    steam  required  for  the   generators   is  170  x 
26  =  4420  pounds  per  day  and   for  the  pump   is  5C  s.  150 
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equals  V5C0  pounds  par   day,   raal-dng  a  total   steam  con- 
sumption of  11,920  pounds  par  day.      ./itli  stoan  pressure 
at  100  pounds  per   square    incli   (al'Solute)    and   feed 
water   tem-erature   at   190   degrees  ?,    Uae   factor  of  eva- 
poration  is     F  =  1185_,^110 5.^  ^     102£   =1.07 

CG5.7  965.7 

11,920  pounds  of  steam,    uncer  tlae   given   conditions 

are   tlierafore   equivalent   to  11920  x  1.07^=12800  pounds 

of  steara,    from  and      at    212   degrees  7.      The  maximui;: 

Doiler  horse  power  required   is     12800  equals  570. 

34.5 

Three   100  h.-;:.   hoilors  -.vorking  st   25p  over- 
load would  generate   S75  holler  horse  pov/er,   end  as  this 
maximum  demand  would  he  made   only  in  emergencies,    it 
is   safe  to  make  the   calculations   on  the  hasisfto   make   the 
cal:;ulations   on   the    casis)of  overload   capacity.      The 
feed  water  in   this  plant   rapidly  forms   scale    and  the 
hoilers  must  he   cleaned    every  month.        An   extra   unit 
is  therefore  necessary,   h ringing  the   complete  instal- 
lation  up  to    four  100  h.p.   hoilers.      Bahcock   and   .Vilcox 
hoilers   of  the  horizontal  water  tuhe   t;^"pe,    equipped  with 
chain  grates  v/ill  he    installed. 

The   coal  will   'oe    unloaded    from   cars  on  a   Chi- 
cago,  Burli-agton  and     Quincj'   side  track,    into  hunlcers 


directly  in  front  of  the  "boilers .   Ivlanual  lalior  will  1:> 
anployed  in  f a Bdin^  tha  coal  onto  the  stokers  and  in 
reaoring  the  ashas. 

A  guyed  sheet  steel  chimney  will  he  erected 
upon  a  concrete  foundation.    Tuq   area  of  the  chimney- 
v;as  made  equal  to   one  se-venth  of  the  grate  area  ,  the 
latterhein^  .4  square  feet  per  boiler  horse  power. 


Area  of  Ohiinney  77"  d' 


70  X   4  -   21  so.  ft. 
7 


Diameter  of  Ohimney  uZl   r^i 


5.15    feet. 


Assuming  a   diarr.Gter  of  five    feet   the  height 
\7ss   calculeted   from  the   formula,    h.p.=  3.S-3  2     7h 
E     effective   area       A     -    .5     7^1 

1S.6    -    .GYnTTe    =   1G95    SQ.    ft. 


H  = 


/      1^»    Pv,  12  /570  \2 

(_3.S5  X  16.25/  "[s.Sc   x  16.95/ 


-  45  ft. 


3. 55  X  16, 
A  50  foot  chimnejT'  was  decided  upon. 

The  steam  from  the  engines  and  pump  \7ill  he  used 
in  heating  the  feed  water  from  a  temperature  of  60  de- 
grees ?.  to  190  degrees  ?.   A  ;^ainva-ight  ir.ultiflov; 
closed  heater  will  he  used.   An  atmospheric  h3ater  work- 
ing ujider  the  implied  conditions  requires  about  6.5 
square  feet  of  heating  surface  to  heat  ICOG  pounds  of 


f9'3d  water  por  hoar.        '"he   total  lioating  surface   recaired 


12800 


x  6.5   equals   80   square    fsot. 


1000 

A  direct   acting   simplex  pump  rill  tslce  ^"ater 
from  the   eity  mains   at   an  average  pressure   of  45   pounds 
per   square    inch  and   del.iver   it   thru  the   heater   i.-.to    the 
hcilers  against   a  pressure   of  100  pounds  per  square    inch. 

Tie   indicated  horr3i   po~'er  of  the   pump   is 

J  _  W  X  1 . £5  -p  X  2 . 5        ^     2. 
53000   X  50  X  3   X  li 
\i   ecuals  pounds  of  v;ater  delivered  per  hour=  12800, 

p. equals  difference  hetween  boiler  pressure   and   city 
V7ater  pressure,  =  100   -   45   -   55   pounds  per  square    inch. 
3  equals  ratio    of  v/ater  delivered   to  piston  displace- 
ment equals    ,8 

2  equals  mechanical  efficiency  of  pump  = .65 

12600  X  1.25  X  55   x  2.5  ,„/.,.      ^    , 

I  .equals        g^cOO   x   60  x  .8   x   .60        ^  2  =  ^.26   indicated 

horse   'porer. 

The    switch  hoard  v.-ill  consist   of  three   genera- 
tor panels  and  three   feeder   parcels,    one   each  of  the 
latter  heing  for  street   lighting,   heuse   lighting   and   in- 
dustrial po-.ver.        The   2200  volt   'b^-'sos  v;ill  he   located 
on  the  ba'olrs   of  the   panels.        The    industrial  poY/er  '."ill 
"be   trans-.r;itted  at   2200  Volts,   three  phase.      The  po--er   for 


10 

lighting  purpos3S  will  "os   transraittsd   in   a   similar 
manner  to   cTistri"bution  canters.        Hsrs   fie    straot 
lighting  s^'stari  will  ba    split   up   into    single   "oliasa 
2200  volt   lines,    '.vhile    tha   pov.'9r  for  house   lighting  v;ill 
be   stapgad   down  to   110  volts  and    similarlj?-  split  up 
into    8 -ingle   phases. 

The    cost   data   for  tMs   station  was  compiled 
froto  trade    catalogues  "'herever  possible,   but    in   some 
instances  recourse  ^vas  had  to  average  Tjaluas,    reference 
being  made  to   tables   in  ^ebhardt '  s   Dtearn  Povjer  Plant 
Engineering  and   recant   papers  on  plant   costs   in   the 
Proceedings   of     the  American  Institute   of  31ectric8l 
iinginears. 

Tae   cost   of  general  equipriant    is  divided  be- 
tT/ean  the   electrical  plant   and    the   cltj  v/ater  plant 
according  to    the      relative  pounds   of  steara   required 
per   day  by  each   division,    as  given  in  tb.e    follo'wing 
tabla: 


Total  Daaand     lbs.    of  steam       lbs.    of  per 

kv;.    hou-rs.          par  k\7.   hour.        3 tin.    p.h.  cant, 

Electrical  Plant      £040                           50                       102000  7-i 

Pun:ping  Plant.             180                          200                          36000  26 

1?8C00 
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Ths   stean   cons raapt ion  of  the  gansrators  at   full   load 
is  40  pounds  par  kw,    hour,   tut   50  pounds  psr  kv;.   liour 
lias  "beon  allovred   in  order  to    take    into   account   the 
lo';;er   efficiencies   of  engine   and  generators  at   light 
loads. 

Cost   of  g3neral   equipment. 


Eeal  list  ate 

Building,    complete,    including  all 

foundations 
Stack 

Boiler  and   setting 
j'eed  Puap 
Fead  i/ator  Heater 
Piping, Yalves,   Covering  etc. 
Tool  Room  equipment 
iingineering  expenses 
Miscellaneous 


v)  loco. 00 

15000.00 

2 4 0.00 

6000.00 

350.00 

soc.oc 

1500.00 
800.00 
600.00 
1000.00 
$  26890.00 

Chargeable   to    electrical  plant    (74^)   |19890.00 

Chargeable' to    pumping  plant    (26f^)    $7000.00 

Cost   of   electrical   equipment. 


Generators 

Exciters 

jlnginas 

owitchhoard 

Transformers 

Transai  ssion   sy st em 

74;;:^  of  general   equipment 

Total  investment   for  electric   tilant 


V  3800. OC 

180. OC 

5000.0:. 

120C.C0 

2400.00 
4500.00 

$16980.00 
19890.00 

l?3r870.0O 
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Annual   fixed   charn-QS  on  inv3Btir.ent . 

Inter 3 st  6.0 

Insurance  ,5 

Taxes  .5 

Depreciation       4,0 
Repairs  6.0 

ITfTof  ^^^36870.00   equals  JeSSO.OC 

The   annuel    cost   of   coal  used  for  the   genera- 
tion of  electricity  is   -iven  by  the   equation: 

C  —  ^  ^  ■<   X  56  5  X  JP 
~       B   X  iil   X  200 

h  =B.T.U.    in  a  pound  of   steaij^  =1022 

B  —  3.T.U.    in  e   pound   of  coal  —14500 

W  =:  pounds   of  stean  per  da^r  =.158000 

i  reprice    of  coal  per  ton=,p2.C0 

3  —efficiency  of  "boilers  =.6 

C  —  1022.x  158000  X   565   x  £    -      §5850.00 
14-500  X   .6  X  2000' 

The    annual  7/ater  eonsTimption  is   equal  to 

158000  X  365    equals   50,500,000  pounas.      The   total 

amount   of  nater  handled  "oj  the   pumping  station  is 

650,000,000  pounds   so   that 

50.500.000 or  8.4'^^  of  the   fixed 

650,000,000   -   50,500,000 

charges  anfi    operating  expenses  of  the  pumping   station 

may  Le   used  as  the   annual   cost   of  feed  v;ater.        Tlie 

total  investment  represented  in  the  pumping  station  is 
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Zefo       of  gsnaral  aquipmsnt      rf'J'OOC.CO 

Pump  5000.00 

llOOOO.OG 

Fixed  charges  17<^  of^lOOOO.OO  vlVOO.OO 

Z6fo   of  opsrating  axpensss        5190.00 

94890.00 

The  annual  cost  of  feed  water  then  is  8.4^3 

of  #4890.00  or  -HlC.OO. 

General  operating-  expenses. 

Coal  $5660.00 

V/ater  410.00 

Oil   and  waste  600.00 

Lahot  -   iiupsrintendent  |l200.00 

Two   engineers  1680. OC 

Three  ?ireT!:en  2540.00 

Coal  and  Ash  Handling  200.00   5420,00 


12290.00 

Chargeable  to  electric  plant  (74y!)   $9100.00 

Chargeable  to  pucEping  plant  (26fj)    $5190.00 

There  are  else  two  more  op3rating  exp.enses 

which  must  be  borne  nj-  the  electrical  plant. 

Lineman  '  :|?780.00 

Collections  240.00 

i?1020.00 

This  brings  the  annual  op3rating  e:cpenses  of  the  elec 

trical  plant  up  to  §9100.00  -h    $1020.60  or  ;-10120.0C. 

In  order  to  compete  with  the  ITorth  bhore 

Jilectric  Co.,  this  plant  must  pay  interest  on  an 
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amount  aquivalsnt  to  tha  'bonus  offered  by  that  com- 
pany.  An  offer  of  -^15,000.00  was  made,  part  of  vrliich 
was  in  parn'ient  for  the  present  equipment .   The  value 
of  that  part  of  the  present  equipnent  that  v.-ill  he  used 
in  the  nev;  system  and  the  salva.f^-e  on  the  rest  of  the 
equipment,  must  therefore  he  deducted  from  the  eraount 
of  this  offer  in  order  to  obtain  v;hat  might  be  called 
the  value  of  the  franchise.    It  is  obvious  that  if 
the  village  retains  this  franchise,  the  plant  must 
pay  interest  on  its  marketable  value. 
Salvage  on  present  equipment. 

I^eal  Jlstate  ^^1000.00 

Boilers  £00.00 

Engines  200.00 

Generators  200.00 

Heater,  pump  and  piping-.  100,00 

Tool  room  equipment  200.00 

Transmission  systeiji.  1500.00 

5400.00 

The  value   of  the   franchise   is  therefore   eqaal   to 

)15000.00  -   $5400.00  or  f 11600. 00,    and  the   annual 

interest   on  the    investm.ent   at   Sf:  is  1^700.00 

The' total   annual   expenses   of  the   electrical 

plant   are   as   indicated. 

Fised   charges  Ir-eSSO.OO 

Operating  expenses  10120.00 

Interest   on  Franchise  700.00 

■"^100.00 
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Since   the  ITorth  Shore   Co.    offered  a  rate   of 
IC   cents  per  kv/,    hour  to   lighting   costurners,    end    siiiee 
a   rate   of  15   cents   is  now  charged,    a  nev;-  rate   of  IC 
cents  i^er  Icvv.   hoar  would  he   satisfactory.        The   rate 
to  power   costuEers  rould  prohally  he   fixed  at   5   cents 
par  IcT/.   hour,        T^iie   annual   revenue   from  house   lighting 
allov/ing  5fo  for  line   drop,    would  'be    .95   x  6£5  x   .10  x 
365    equals  ^21600.00.        The   revenue   from  industrial 
power  would   'oe    .55  x  IICO  x    .05   x  365   equals   ^715200.00. 
The   gross  annual   income   is  the   sua  of  the   two  preceding 
items  and   amounts  to   ,f3680C.C0 

The  net  an^-ual  revenue,  accruing  to  the  village 

from  the  electric  light  system,  is  found  hy  suhtrecting 

the  expenses  from  the  income  as  shovm. 

Annual  income  $35800.00 
Fixed  charges  and  opera  ting- 
expenses  17100.00 

ilet  annual  revenue  ■;1970C.00" 

This  annufl  revenue  of  :^19700.00  is  the  net 
saving  to  the  village  hy  virtue  of  the  citizens  de- 
cision to  retain  the  electric  light  plant.  The  pro- 
posed plant  is  designed  to  give  absolutely  reliahle 
service  and  in  this  respect  is  equal  to  ITorth  ohore 
service.   It  must  also  "be  home  in  mind  that  the 
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pumping  station  oper^jtes  mora  efficiently  Vv'lien  com"binod 
v/ith  ths  3lectrical  plant,  than  v.-hen  operated  inrie- 
pendently.    Liberal  allowances  have  bean  made  thruout 
th3  calculations  fcr  all  losses,  expsi-ises  and  costs,  so 
that  the  savin^js  figure  is  a  conservative  value.   This 
ficjure  is  so  lar^^.'e  that  in  vievv'  of  the  character  of  the 
service  in  both  cases,  it  proves  conclusively  the  de- 
sirability of  rehabilitation,  in  preference  to  the  admis- 
sion of  a  public  service  corporation. 
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